Introduction: In order to prevent medical errors, it is important to know why they occur and to identify their causes. Healthcare failure modes and effects analysis (HFMEA) is a type of qualitative descriptive that is used to evaluate the risk. The aim of this study was to assess the risks of using Entonox for labor pain by HFMEA. Methods: A mixed-methods design (qualitative action research and quantitative cross-sectional research) was used. The modes and effects of failures in the process of using Entonox were detected and analyzed during 2013-2014 at Hefdahe Shahrivar Hospital, Mashhad, Iran. Overall, 52 failure modes were identified, with 25 being recognized as high-risk modes.
Introduction
In recent decades, the quality of health and safety care of patients has become a very important objective in improving healthcare systems (1) . The report called "To Err is Human: Building a Safer Health System," which was published in 1999, showed that medical errors are very common and have detrimental effects on patients (2) . The Institute of Medicine (IOM) in the USA also reported in 1999 that, every year, 44,000 to 98,000 patients die due to treatment errors. This figure, which is in fact higher than the mortality rate caused by car accidents, breast cancer, and AIDS, provoked serious concerns about medical errors. Following the publication of this report, which was a call for the improvement of health systems, serious steps were launched to reduce medical errors (1) . In spite of this, the results of the assessment of medical errors 10 years after the publication of the above-mentioned report indicated that the safety condition of patients, rather than improving, had actually worsened. For example, one in every seven hospitalized patients experiences one or more adverse outcomes, and, every year, thousands of patients have blood infections caused by hospitalization (3) . In order to prevent medical errors, it is important to know why they occur and to identify their causes. In the year 2000, Professor James Reason introduced a new approach in solving the problems caused by human errors in organizations, i.e., the system approach as opposed to the usual person approach (4) . The person approach focuses on errors caused by individuals and blames them for their errors due to forgetfulness, inattention, or moral weakness. However, the system approach emphasizes the working conditions of the individual and tries to develop effective preventive measures to avert errors or mitigate their harmful effects. In the system approach, organizations predict the worst conditions and possibilities and prepare themselves to face them. People in these organizations have realized that they should learn from their mistakes and use them to their own advantage (4) . Following the introduction of the system approach into healthcare performance, the use of different methods of risk management in order to reduce medical errors and increase the safety of patients in different fields and treatment areas has become widespread (5) (6) (7) (8) . According to the statistics presented by the National Center for Patient Safety, after the implementation of risk assessment programs, the number of medical errors decreased from 3,643 to 2,412 from 2008 to 2009 (9) . One of the risk management methods is healthcare failure modes and effects analysis (HFMEA), which is a systematic and proactive method to detect and prevent medical errors (5) . Previous studies have used this method to reduce Newborn Intensive Care Unit (NICU) lineassociated bloodstream infections (5) and the probability of neurological site infections (6) . Using Entonox as a method to decrease labor pain is one of the regular care procedures in modern midwifery (10, 11) , and, currently, it is considered the most common analgesia method during labor in Europe (12) . Entonox is a mixture of nitrous oxide and oxygen in equal portions, and it is kept in special cylinders. Since the1980s, it has been used by mouthpieces, alone or as a supplementary method in general anesthesia (13) . The fact that this analgesic can be self-administered makes it easy to use by women in labor. Moreover, due to its low solubility, it has a rapid onset and provides relief in about 30-50 seconds (14, 15) . Although Entonox has no serious side-effects for the mother or her fetus (16) , some unpleasant symptoms have been reported, including dizziness, lightheadedness, nausea, vomiting, drowsiness, and numbness in the fingers (13, 17) . In normal conditions, these side-effects are not considered serious problems, but they could cause complications during labor. For example, dizziness and drowsiness during labor may cause a woman to fall, or they may cause problems in the second stage of labor, e.g., inhibiting the pushing maneuver and prolonging the second stage. A systematic review indicated that these side-effects are related to the amount of nitrous oxide used and the period of time it is used (12); thus, we can decrease the side-effects by controlling the amount and duration of its administration. Another hazard of using Entonox is its emission into the air, which can lead to similar side-effects in the hospital staff (13) . Some studies have even reported a positive relationship between occupational exposure to anesthetic gases, such as nitrous oxide, and Parkinson's disease (18) . However, in a narrative review, Rooks reported that, when nitrous oxide is appropriately controlled, the occupational exposures are less than the standard set by the National Institute for Occupational Safety (12) . Given the importance of using Entonox for pain relief during childbirth, the safety of this process and the reduction of medical errors in using it will lead to its widespread use to control labor pain. This might be an effective factor in decreasing the rate of Csections, increasing maternal satisfaction, and decreasing the discomfort associated with the birth experience. Therefore, the present study was conducted to assess and detect the hazards of this process using the HFMEA approach.
Material and Methods

Research design and setting
This study is a mixed-method study (qualitative action research and quantitative descriptive cross-sectional), and it was conducted from September 2013 to April 2014 in the maternity ward at Hefdahe Shahrivar Hospital in Mashhad, Iran. The hospital has 137 staffed beds and includes inpatient wards, a specialized clinic, and a laboratory unit. It is the only hospital in Mashhad that belongs to the Social Security Organization, and it has a maternity ward with 12 staffed beds. Approval of this study was obtained through the International Review Board.
Data Collection
Data gathering was done through focus groups, individual interviews, observation, and brainstorming. The validity of this study was controlled by the consensus of team members at the end of each phase. The phases of this study were conducted based on the five steps of HFMEA methodology determined by the VA National Center for Patient Safety (19) , although some changes were made due to specific conditions. The steps conducted are the following: 2.2.1.
Step 1-Selecting the high-risk process: By using specialists' and experts' views in the hospital and also by examining the unintended events reported form the maternity ward to the Hospital's Office of Clinical Governance, the process of using Entonox for pain relief during labor was chosen as the research sample for analysis. Step 3-Graphically describing the process: The process and its sub-processes were drawn as a diagram (by Visio software) through observation and individual interviews. The diagram was verified and confirmed by the team members in a discussion session. 2.2.4.
Step 4-Hazard analysis: This step consisted of four phases: 1) Phase 1: Detecting the potential failure modes: They were detected through individual interviews and a group discussion. Then, they were classified based on the "Nursing Error Management Council" model [20] into care process, communication, administrative and knowledge, and skill error types. 2) Phase 2: Calculating the hazard score: This score was obtained through a priority matrix (by multiplying the two factors of severity and probability), and it was recorded on the HFMEA worksheet. The errors were grouped according to their hazard score into four intervention levels, i.e., emergency, urgency, programming, and monitoring [21] (Table1). 3) Phase 3: Drawing the decision tree: At this stage, prioritized errors (with a hazard score of 8 and higher)
were transferred to the decision tree and decisions were made about continuing or stopping each of the failure modes based on three items i.e., weak point, current control measures, and detectability. 4) Phase 4: In this phase, influential factors on each of the continuing failure modes on the decision tree were detected by cause-effect analysis. 2.2.5.
Step 5: Actions and outcome measures, taken in two phases: 1) Phase 1: Description of action: In this phase, strategies to oppose contributing factors to each failure mode were suggested in form of acceptance, control, and elimination. 2) Phase 2: Redesigning the process: Improvement strategies for each potential cause of failure were presented in group sessions, and decisions were conducted about the practicality of the strategies in view of the organization's resources. It should be noted that all of the information on the HFMEA worksheet was gathered after reaching consensus among the team members through interviews and debriefing sessions (five one-hour sessions after each step). Moreover, 20 hours were spent for individual interviews during the research. For the quantitative analysis of the variables related to the failure mode analysis phase, descriptive statistics were calculated in Excel software, including frequency, percent, and mean. Also, for the quantitative analysis and determination of the probability of the failures, the sum of the team's scores was used with consideration of a coefficient for each team member. For the severity of the failures, the team members' consensus along with consideration of weight for the severity of failures was used. In the final worksheet, we calculated and documented in the final worksheet the sum of failure mode severity scores according to team members' opinions and by considering weights for the failure mode severity dimensions, and we calculated the sum of the failure mode probability scores based on the involved personnel's opinions (also with considering the coefficient for each person).
Qualitative Analysis
Content analysis was done on the data collected from the individual interviews in order to put them in the organized forms. To do so, all the interviews with the team members were transcribed, and, for the sake of understanding the transcriptions, they were read, and repetitions were omitted and the significant issues were extracted. Therefore, a list of all of the team members' opinions was prepared. Analysis of the data from the brainstorming, cause and effect, and problem-solving sessions was done based on the general agreement of the team members.
Ethical Consideration
Ethical issues were considered in the decisions that were made. All team members gave informed consent to participate in the study, and the information obtained from individual interviews remained confidential.
Results
Overall, for the 20 sub-processes listed in the six steps of the process of using Entonox for pain relief in child delivery, 52 failure modes were identified, and they are listed in Table 2 . Classification of error modes according to the "nursing error management association" model showed that 59.4% of the error modes are related to the care process, 24.6% to communication, 10.14% to administrative errors, and 5.79% to knowledge and skill. Also, the interventional levels showed that 16.1% of the error modes were related to the emergency intervention, 26.9% urgent, 46.1% programmed, and 5.7% in the monitoring area. In the next step, from the 52 detected failure modes, 25 (48.07%) were recognized as high-risk and unacceptable (hazard score of 8 and higher) and were transferred to the decision tree. Seventeen effective factors were presented for continuing highrisk failure modes in the decision tree. Strategies suggested to oppose the contributing factors to each failure mode were presented in the forms of acceptance (3.2%), control (90.3%), and elimination (6.4%). Table 3 shows the HFMEA worksheet for high-risk and unacceptable (hazard score of 8 and higher) failure modes. Improvement strategies for each failure mode were presented through "theory of innovative problem solving" by recording the error for the personnel who committed it, improving team communication, preparing practical guidelines, monitoring and continuous supervision, ensuring effective communication with patients, providing a checklist for equipment maintenance and management, matching the workload with the number of staff, process simplification and omitting unnecessary steps, fundamental promotion of the software to computerize test orders, writing and verification of a summary of the records, and making a legal requirement by the hospital director for the anesthesiologist to write the order. 
Discussion
In this study, HFMEA, as a proactive method, was used to detect the important errors in using Entonox, and corrective actions were recommended for each error. Overall, 52 failure modes were identified. According to the Nursing Errors relating to Clinical Management (NECM) taxonomy, 48.5% of these errors fell into the care process, 22.05% belonged to communication, 19.1% were associated with the administrative process, and 10.2% were knowledge and skill type. The results of this study are similar to those of the study conducted by the Nursing Error Management Council, in which the percentages of errors were reported as follows: care processes (66%), communication (22%), administrative processes (6%), and knowledge (5%) (20) (21) (22) (23) . However, in the abovementioned study, errors were examined retrospectively, and, from this perspective, it differs from our study, which examined errors proactively. In another similar study conducted by Khani et al. in 2014, similar results also were obtained (21) . The findings showed that 59.4% of errors belonged to care processes, 24.6% to communication, 10.14% to administrative processes, and 5.79% to knowledge and skill. In the present study, from the 52 failure modes identified, 25 of them (48.07%) were detected as high-risk and unacceptable (with a hazard score of 8 or higher). We will examine some instances of high-risk failure modes in the following parts. One of the findings of the present study indicated that the ineffectiveness of instruction on the use of Entonox for women during labor, with a hazard score of 12, was one of the continuing failure modes according to the decision tree. Based on the views of the members of the research team, communication and patient factors (severe labor pain) were the main contributing causes of this failure mode. In this respect, Mashoof et al. and Aghabarary et al. also mentioned the lack of patient involvement in the care process as a predisposing factor in nursing errors (24, 25) . Also, anxiety, worry, and physical discomfort of the patient have been reported as main barriers to proper nurse-patient interactions (25) . The results of the latter study are in line with our findings, i.e., the midwife's failure in communicating with the woman in labor and following that ineffectiveness of instruction to the woman due to severe pain during labor. Gas emissions in the labor and delivery units, with a hazard score of 12, were one of the failure modes in the study, which the research team attributed to team factors. In some studies, the emission of Entonox into the environment was one of the hazards attributed to this gas. For example, it has been claimed that Entonox can have the same sideeffects on the hospital staff that it has on women in labor (13); however, the important point is that, with close and periodic control of Entonox cylinders, its emission into the environment can be prevented. Delay in transferring a woman in labor to the delivery unit was another high-risk failure mode in this study. The experts and members of the research team attributed staff shortages and the high number of women in labor as the main causes. Previous studies have indicated that one of the highly important factors in error occurrence is heavy workload. For instance, Rahimian Boogar et al. reported a significant relationship between heavy workload and occurrence of nursing errors (26). Joolaee et al. and Keller also reported that the job conditions of nurses, extended work shifts, and heavy workloads raise the probability of nursing errors, thereby endangering patients (27, 28) . Likewise, Montgomery's study indicated that heavy workload and fatigue have a significant role in healthcare providers' errors (29) .
Another high-risk failure mode in this research was the absence of an anesthesiologist assistant at the mother's bedside with a hazard score of 12, which the team members attributed to staff shortages and negligence in performing duties due to inadequate training. Some other earlier studies also have noted staff shortages as one of the most significant causes of nursing errors. As an example, in a study conducted by Mashoof et al., factors predisposing nursing errors in intensive care units were investigated, and the low ratio of nurses to patients and the lack of sufficient time for monitoring patients were reported as the main causes of nursing errors (24) . In that study, the lack of a proper staff training system and unfamiliarity with professional rules and regulations were some other predisposing factors that were mentioned. Baghaei et al. also showed similar results, by mentioning the lack of educational facilities in the work environment and the indifference of authorities to staff training as some of the factors leading to nursing errors (30) . In this research, all failure modes were classified into one of the following intervention levels based on their hazard score: emergency, urgency, programming, and monitoring. The most to least frequent errors were at programming, urgency, emergency, and monitoring levels, respectively. In Bonfant et al.'s study, out of the 93 errors in the dialysis unit, no errors existed at the emergency intervention level; 9.6% of errors were at the urgent level, 38.7% at the programming level, and 51.6% at the monitoring level (22) . The reason for the difference in the results of the present study with those of Bonfant et al. study can be attributed to the different research environments. As mentioned before, results of risk assessment and detection of errors in each organization are only generalizable to that place and cannot be compared with those of other environments.
Study strength and limitation
The most significant strength of the present study is its proactive approach in identifying errors and their risks, for the reason that in most studies, the classification of medical errors has been through a retrospective approach (31, 32) . One of the advantages of this research compared to similar studies conducted by the HFMEA technique was that the severity and probability of errors were determined individually and independently. Independent scoring of team members has the advantage of wearing off the halo effect (cognitive bias caused by an observers' overall impression of a person or situation), which exists in group discussions (32) . Another strong point of this study was the classification of errors into intervention levels of emergency, urgency, programming, and monitoring. Considering the shortage of resources in organizations, this taxonomy makes it possible to perform corrective actions and to focus on reduction of error risks based on their intervention levels (30) . One of the limitations of this study, and of all studies that use the HFMEA approach, is that showing a decrease in the probability of occurrence of adverse events is difficult after conducting interventions; thus, one cannot prove the improvement of patients' safety or do cost-benefit analysis by using HFMEA programs (28) . Another limitation is the non-generalizability of the results, since determining high-risk failure modes in each institute depends on its own work and environmental conditions.
Conclusions
The results of the study showed that some actions can improve the process of using Entonox for labor pain, including: the necessity of individual monitoring during stages of labor, close supervision by the midwife on the process of using Entonox by the woman in labor, the necessity of the presence of the anesthesiologist at the woman's bedside, and confirming the indications for use of Entonox, obligation of the constant presence of the anesthesiologist assistant at the laboring woman's bedside during the process of using Entonox, careful supervision by the person in charge of the medical facilities and the head of the maternity ward on the safety of Entonox cylinders and gas leakage, and closely monitoring the safety of the gas cylinder guards.
